Background: Widespread use of prostate-specific antigen (PSA) to screen for prostate cancer began in the early 1990s. Advocates for screening assert that this has caused a decrease in prostate cancer mortality. We sought to describe secular changes in prostate cancer incidence and mortality in Canada in relation to the onset of PSA screening.
P rostate cancer is the most commonly diagnosed non-skin cancer among Canadian men, with an about 1 in 8 lifetime risk of being diagnosed. 1 Initial detection now occurs commonly from prostate specific antigen (PSA) screening. The PSA test was introduced in 1986, 2 initially for diagnosis and follow-up, then used in Canada and the United States for screening from the early 1990s. 3, 4 Subsequently, there was a dramatic increase in the apparent incidence 5 of the disease, so that by 2008 these countries had prostate cancer incidence rates among the highest worldwide. 6 During the same period, mortality from prostate cancer has been decreasing. Advocates assert that PSA screening has allowed earlier diagnosis and treatment, which in turn led to the reductions in mortality. [7] [8] [9] We sought to describe secular changes in the Canadian epidemiology of prostate cancer. In particular, we examine the relation between the onset of PSA screening, prostate cancer incidence and mortality.
Methods

Data sources
The numbers of cases and deaths due to prostate cancer, in addition to age-specific and age-standardized incidence and mortality from all Canadian provinces and territories, were obtained from the Canadian Vital Statistics Deaths Database 10 (1969-2009), as well as the National Cancer Incidence Reporting System and the Canadian Cancer Registry 11 (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) . Prostate cancer cases were identified using the International Classification of Diseases for Oncology, 3rd Edition, topography code C61, excluding morphology codes 9050-9055, 9140, 9590-9992. 12 Deaths due to prostate cancer were identified from the underlying cause of death, classified according to the International Statistical Classification of Diseases and Related Health Problems (8th, 9th and 10th revisions).
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Statistical analysis
Data were categorized by 5-year age groups at diagnosis and death (45-49 years to 80-84 years); men older than 85 years were grouped together. Incidence and mortality were calculated by dividing the number of cases or deaths by that year's male population estimates. Rates across all ages were standardized to the 1991 Canadian census population.
The data were imported into Microsoft Excel 2010 for data manipulation and graphing of incidence and mortality trends. The National Cancer Institute's Joinpoint Regression Program 4.0.1 13 was used to measure trends over time, via annual percent change for age-standardized and age-specific rates. This program fits straight-line segments on the loglinear scale to the incidence and mortality data, which meet at joinpoints where the rate of increase or decrease changes. Each joinpoint denotes a statistically significant change in trend. A segment was created between joinpoints, and the gradient was calculated for each segment. Monte Carlo permutation was used to test for significance. Statistical significance was set at p less than 0.05.
14 This method is routinely used by the Surveillance, Epidemiology and End Results (SEER) program at the US National Cancer Institute for the analysis of trends in cancer rates.
Results
The age-standardized incidence for prostate cancer almost doubled from 54.2 per 100 000 in 1969 to 103.9 in 2013 (Figure 1) . Joinpoint regression analysis of the age-standardized incidence ( Figure 2 ) demonstrates an increase of 3.0% per year from 1969 to 1990 (increase from 54.2 to 99.8 cases per 100 000, respectively). From 1991, the incidence increased to a peak of 140.8 per 100 000 in 1993, followed by a decline between 1993 and 1996. Thereafter, incidence continued its upward trend at a rate similar to the pre-PSA period to a second peak in 2001, then flattened out.
Incidence initially rose with similar time trends for all age groups until 1990 ( Figure 3 and Appendix 1 available at www.cmajopen.ca/content/3/4/E73/suppl/DC1). Thereafter, a more rapid increase in incidence was seen until 1993, of similar magnitude for men of all ages. All rates decreased between 1993 and 1996, then incidence again began to increase among younger men (< 69 years) from 1996, whereas decline continued among men 75 years and older. By 2007, incidence was similar for all groups over 65 years of age. Figure 4 shows that age-standardized prostate cancer mortality was stable from 1969 to 1977, then increased at 1.37% per year to peak in 1994, close to the 1993 incidence peak. Thereafter, mortality decreased significantly by 3.25% per year, or about 1 per 100 000 per year from 1994 to 2009. When analyzed by age group, prostate cancer mortality was consistently higher with increasing age across all years ( Figure 5 and Appendix 2 available at www.cmajopen.ca/content/3/4/ E73/suppl/DC1). However, prostate cancer mortality decreased from its peak in 1987 for younger men and progressively later for older men -1994 for the oldest (≥ 85 yr). For men aged 55-80 years, mortality in 2009 was 21%-44% lower than in 1969, depending on age group. Table 1 shows the rates and reductions by age group. 
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Interpretation
The incidence of prostate cancer increased steadily before PSA testing became available, rose rapidly shortly thereafter and has been relatively stable since 2001. Prostate cancer mortality increased until 1994, and has decreased since, with larger proportional reductions observed for men more than 70 years of age than for those aged 70 years or younger. By 2009, 1 in 8 men in Canada could expect to be diagnosed with prostate cancer in their lifetime, and 1 in 28 would die from their cancer. 15 Furthermore, the rise in incidence now occurs in men 20 years younger, so screened men know of their disease much longer than those who present clinically, 16 though such lead time may not lead to reduction in overall mortality. Assessing the extent to which the introduction of PSA testing accounts for these trends requires consideration of the context.
The PSA test was initially introduced and licensed in Canada in 1986 to assist in the diagnosis and management of prostate cancer. 2 In 1991, a seminal paper advocated screening; 17 in 1992, the American Cancer Society formally supported screening; 18 in 1994, the PSA test was approved for screening by the US Food and Drug Administration. 19 Among the Ontario population of around 1.9 million men aged more than 40 years, about 10 000 tests were performed in 1988, 50 000 in 1990 (when the prostate cancer incidence acceleration began), 180 000 in 1993 (the peak of increase in prostate cancer incidence) and 700 000 by 2001. 3 Trends from other provinces appear similar. 4 22 The prevalence of undiagnosed (latent) prostate cancer at autopsy is high and increases with age (~20% in men aged 40-49 yr, increasing to ~40% among men aged 70-79 yr). 23 Given that mortality from this disease is about 3% of all men, 15 most diagnosed prostate cancer would not develop into harmful disease in a man's lifetime. Overdiagnosis, which occurs when cancer is detected that would not have caused symptoms or death, has been estimated to occur in more than 50% (and even more than 80%) of all diagnosed prostate cancer cases. [24] [25] [26] This finding is consistent with the results shown in Figures 2 and 3 , depending on where the baseline for such calculations is taken.
In the pre-PSA screening era, increased diagnosis of cancer was ascribed to increased transurethral resection of the prostate for benign hypertrophy from the 1970s, because these operations provided pathology specimens that led to the discovery of latent cancers. 27, 28 Other factors increasing the diagnosis of cancer in the 1990s included greater use of transrectal or perineal prostate biopsies under ultrasound guidance, 29 with 6 to 12 or more core biopsy specimens, 27 and modification of the Gleason grading system, which also led to higher diagnosis rates. The initial peak in the era of PSA suggests that the test was used in high-prevalence populations, revealing prevalent cancers among men being assessed with prostatic symptoms, because PSA was mainly used to investigate urinary symptoms. 20, 32 Thereafter, possibly because this reservoir of symptomatic men already seeing physicians had been depleted (the "harvesting effect"), 33 incidence decreased, particularly among older men in the later time periods (Figure 3) . Transurethral resections declined owing to the introduction of α-antagonists and 5-α-reductase inhibitors from 1993, 27, 34 so that management of benign hypertrophy largely changed from surgical to medical therapy. Around that time, the PSA test was widely adopted as a screening test. The decrease in transurethral resections of the prostate may account for the apparent reduction in incidence in men over the age of 70 years, in addition to the "harvesting" effect mentioned earlier, whereas increasing PSA screening with the recent emphasis on men as young as 40 years 35, 36 led to apparent increases in incidence among younger men. The peak in 2001 has been attributed to publicity following the diagnosis of then Health Minister Allan Rock 37 Advocates assert 33, 36 that the decline in prostate cancer mortality is evidence that screening is beneficial -but they provide no explanation for the increase in mortality observed before screening was introduced or for whether the subsequent decline was largely reversal of that effect. However, several other changes in care occurred at that time, including more refined surgical approaches, introduction of antiandrogen therapies, chemotherapy and new modes of radiation treatment. 38 Increased use of higher-definition computed tomography and ultrasonography enabled better diagnosis and staging. Prostate-specific antigen is not only used for screening, but also for diagnosis and monitoring to detect locally recurrent or metastatic disease before it becomes symptomatic. Thus, it enables better treatment of late-stage disease and potentially delays death, particularly among the oldest age groups, where the disease is most common.
Age-standardized mortality from prostate cancer began declining from 1994 by about 1 per 100 000 per year as widespread PSA screening was beginning. These changes are greater than the effects of prostatectomy trials (6.1% 39 or 13% after 10 years in a high-risk subgroup 40 ). Pooled results of the European multicentre screening trial (the European Randomized Study of Screening for Prostate Cancer [ERSPC]) 41 suggest a mortality reduction, detectable 7 years after the start, of 1 per 1000 after 14 years in screened men aged 55 to 69 years. Only 2 of the 7 sites showed any benefit (Netherlands and Sweden). The rest showed no benefit. At best, therefore, mortality reduction of 7 per 100 000 per year (0.1%/14) might accrue among screened men aged 65-85 years after 1997. This may account for part of the reduction we saw in some age groups (Table 1) . The change was greatest in the oldest age group and was steadily less in younger men. Because only 50% of Canadian men aged more than 50   0   200   400   600   800   1000   1200   1400   1969  1970  1971  1972  1973  1974  1975  1976  1977  1978  1979  1980  1981  1982  1983  1984  1985  1986  1987  1988  1989  1990  1991  1992  1993  1994  1995  1996  1997  1998  1999  2000  2001  2002  2003  2004  2005  2006  2007 Incidence rate (per 100 000 population) years had ever had a PSA test by 2001, 21 and fewer would have undergone regular screening, to reduce overall prostate cancer mortality by 30%, the effect of screening and subsequent treatment would need to be larger than that seen in the ERSPC trial.
Androgen antagonists are a useful adjunct therapy in advanced disease but may increase cardiovascular disease. [42] [43] [44] It is possible that when these agents are used to treat early prostate cancer, this effect increases total deaths, but which are ascribed to cardiovascular disease. Because less than 5% of men now diagnosed with prostate cancer die from it, 33, 45 even small changes in the cause of death among men who have received treatment for prostate cancer could substantially affect estimates of prostate cancer mortality. In addition, there may be an attribution artifact: in the pre-PSA era, if men had been diagnosed with prostate cancer, the diagnosis was likely to have been included on death certificates, thus causing spurious increases. According to coding rules, deaths from other causes may have been attributed to prostate cancer. As more prostate cancer was diagnosed, it was included on more death certificates. Since PSA use became common, men with a history of prostate cancer but low PSA at the time of death are likely to have prostate cancer listed as an "other significant condition" instead of the underlying cause, as might have occurred previously. 42 Thus, much of the apparent mortality change could be due to secular changes in the cause of death attributed to men with known prostate cancer.
Although black race appears to almost double risk for prostate cancer, 6 rates of prostate cancer incidence and mortality vary widely over time and between countries in ways that make biological differences unlikely to be the cause of the variations. 6 Data from the International Agency for Research on Cancer (Appendix 3, available at www.cmajopen.ca/content/3/4/E73/ suppl/DC1), shows similar increases in incidence in the US, Canada, Australia and New Zealand, where PSA screening was vigorously marketed shortly after its availability. By comparison, European countries show later increases in incidence, which is attributable to later development of PSA screening there. In contrast, these countries had similar increases in mortality before 1990 (Appendix 4, available at www.cmajopen.ca/ content/3/4/E73/suppl/DC1) and reductions afterwards, which suggests there is likely a common factor other than PSA screening. 6, 46 The mortality similarities are probably due to similar temporal trends in treatment patterns and perhaps to death attribution, which suggests that trends in treatment are more important than the potential effect of screening. Some modelling studies also suggest the decrease is caused largely by advances in secondary treatment of late disease, although such conclusions are dependent upon the assumptions made.
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Limitations
This is a descriptive national study using ecological data. These data depend upon the quality of cancer registry data, the completeness and diagnostic quality of pathology for the incidence data and the quality of death certification for the mortality data. At the individual level, we are unable to link PSA testing and diagnosis with treatment and death. 
Conclusion
Our findings show that secular changes in prostate cancer incidence began well before PSA screening became widespread after 1995, and declines in mortality began before 1990 and are larger than could be expected from clinical trial data on screening and treatment. Our analysis suggests that the recently observed reductions in prostate cancer mortality in Canada are most likely driven by other factors, such as secular changes in 
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